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FOREWORD

The data presented herein were obtained from

tests conducted under NASA Apollo Contract NAS9-150

from 8 October 1962 to 20 October 1962 in the NAA

Trisonic Wind Tunnel. Because of the large quantity

of data to be presented, this report has been prepared

in two volumes. Volume I contains the description

of the model, test procedures, and the tabulated data.

Volume II contains model photographs and the plotted

pressure distributions.

This report was prepared by P. L. Lemoine of

the Wind Tunnel Projects Group, Los Angeles

Division.
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I. INTRODUCTION

Subsonic and transonic wind tunnel tests of the 0. 045-scale Apollo

pressure model (PS-3) were conducted to obtain pressure distributions on

the command module in the presence of the launch escape tower and motor

and to determine the effects of the escape motor flow separating disk. These

configurations were tested through an angle-of-attack range from a = 0 to

136 degrees and at Machnumbers 0.4, 0.7, 0.9, 0.95, 1.05, 1.20, andl. 35.

Previous tests of this model were conducted in the Mach number range

from 1.5 to 10.0andthepressure data obtained are presented in Reference I.

This report presents basic wind tunnel data only in order to make the

test results available at the earliest possible date. Analysis and summary

of results will be reported in a separate document.

- 1 -
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II. REMARKS

The angle-of-attack range from 0 to 136 degrees was accomplished

using two models whose stings were attached at 30- and 90-degree angles

(0) to the model centerline. The models were mounted on a 15-degree

offset adapter that was positioned at 0 and 180 degrees roll angle.

Repeat points were taken during these tests at 30 and 60 degrees angle

of attack to determine the effects on the data by the difference in model to

sting and in offset adapter configurations. At 30 degrees angle of attack,

data were obtained from the 30 degree model with the offset adapter in both

0- and 180-degree roll position. At 60 degrees angle of attack, a repeat

point was obtained using the 30- and 90-degree model. This point was also

tested with the offset adapter at roll angles of 0 and 180 degrees. The

displacement of the data at these repeat points are attributed to the signifi-

cant difference in the support system configuration, since these differences

have a definite effect on the model pressures at subsonic and transonic

speeds.

Because of the use of two models with different sting attach points,

some pressure orifices existed on one model and not the other. Leaks in

the model pressure instrumentation that could not be repaired in time for

the test were also inconsistant between the two models. The effected

pressure coefficients were marked out in the tabulated data and eliminated

from the plotted data. Occasionally during the test some pressures went

off scale, and these pressures are also marked out of the tabular data and

eliminated from the plotted data.

-3-
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III. MODEL DESCRIPTION

The PS-3 model is a 0. 045-scale representation of the Apollo launch

escape vehicle with a detachable tower and escape motor. The two

command modules used were identical except in the position and angle in

which the model support sting attaches.

INS TR UMENTATION

The models are instrumented with 97 static pressure taps, of which

92 are on the command module, 4 on the escape motor skirt and l at the

base of the escape motor. The command modules are instrumented on

one side along various radian lines at various surface positions. It should be

noted that the 0= 30 degrees model is instrumented on the right-hand side,

and the 6 = 90 degrees model is instrumented on the left-hand side.

Several pressure orifices exist on one model but not the other because

of the attachment of the sting. .Additional orifices were eliminated due to

leaks which could not be reparied on time for the test. The 30-degree

model did not include orifices Pl40, 139, 129, 1159, and 45. The 90-degree

model did not include orifices P63, 70, 77, 126, 459, 59, and 559.

Figure i presents the instrumentation sketch of the model; Table l

presents the tabulated S/r values for each orifice; and Figure 2 presents

a graph to convert S/r values to x distances (distance from command

module apex along model axis ).

-5-
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Table I. Pressure Orifice Locations

Orifice

P1

P190

P194

P199

P20

P29

P250

P259

P30

P32

P34

P36

P39

P40

P41

P42

P43

P44

P45

P46

P47

P49

P450

P454

P459

P50

P51

P52

P53

P54

P55

P56

P57

P59

Location

(deg)

9O

180

90

S/r

0

O. 064

O. 064

Orifice

P550

P552

P554

0 O. 064

180 O. i18

0 0. I18

180 O. 208

0 0.2O8

180 O. 289

135

9O
45 r

0 O. 289

180 O. 497

157.5

135
I

I12.5

9O
67.5

45

22.5

0 O. 497

180 O.936

9O
0 0.936

180 i. 155

157.5

135

i12.5

9O
67.5

45

22.5 _I

0 1. 155

P556

P559

P60

P61

P62

P63

P64

P66

P68

P69

P70

P72

P74

P76

P77

P78

P79

PSO

P82

P84

P86

P87

P88

P89

P90

P92

P94

P96

P97

P98

P99

Location

_ (deg)

180

135

9O

45

0

180

157.5

135

I12.5

9O
45

ii.25

0

180

135

9O
45

22.5

II.25

0

180

135

9O
45

22.5

11.25

0

180

135

9O
45

22.5

II.25

0

S/r

1. 372

I. 372

i.589

I.589

i.742

1. 742

1. 797

'r
I.797

1.854

r

1.854

Orifice

PIO0 180

Pl02 135

PI04 90

Pl06 45

Pl08 II

PI09 0

Pi039 0

Pi069 0

PllO 180

PII2 135

Pll4 90

P116 45

Pll8 II

Pll9 0

PI159 0

Pl20 180

P122 135

P124 90

P126 45

P129 0

Pl30 180

P139 0

PI40 90

Location

(deg) S/r

1.918
i

.25 1

1.918

1. 979

2. 034

2. 085

.25

2.085

2. 143

2. 354

,,
2. 354

2. 626

2. 626

2.886

P4

P2

P3

P5

P6

P7

P8

P9

Pl(

Rocket Base

E54

E54

E53

E53

_ (deg)
45

315

135

225

45

315

135

225

-6-
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MODEL NOMENCLATURE

The model nomenclature is presented in the following listing.

Symbol

C 2

T14

E53

E54

Description

Command Module. Maximum

diameter = 154 inches.

Tower Structure. Length

114.62 inches, has stiffener

gussets at base and at top

of tower, height of stiffener

plate at base = 4.44 inches.

added to base of legs.

Feet

Escape Motor. Length = 279.67

inches, 36o55 ' flared skirt with 2.0

diameter ratio, 28.89-inch-

diameter ring around the inter-

section of the skirt and the rocket.

Escape Motor. Same as E53

except 65.0-inch-diameter disk

located 18.0 inches forward of rocket

base with 5 i. 07 -inch-diameter

fairing extending aft from the disk to

intersection of the flared skirt.

Drawing

Number

7121-01163-5

and -8

7121-01163-II

and -15

7121-01163-12

and - 14

7121-01168-11

7121-01163-12

7121-01168-11

and -13

FULL- SCALE DIMENSIONS

The model full-scale dimensions are as follows:

Escape Motor E53

Total length (including jettison motor)

Length of jettison motor

Diameter of escape motor and jettison motor

Nose included angle

Diameter of escape rocket base

Skirt flare angle

Figure No.

3

4

279.67 in.

48.00 in.

26.00 in.

30.00 deg

54.60 in.

36o55 '

-7-
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Tower Structure T14

Total length

Number of longitudinal members

Diameter of longitudinal members

Diameter of cross braces

Distance between attach points at command module

plan view

side view

Distance between attach points at escape motor

Command Module C Z

Maximum diameter

Radius of spherical blunt end

Corner radius

Nose cone semiangle

Nose cone vertex radius

Total height

Frontal area

114.62 in.

4

3.51 in.

2.51 in.

50.67 in.

46.84 in.

36.06 in.

154.0 in.

184.8 in.

7.7 in.

33.0 deg

9.15 in.

135.02 in.

129.35 ft2

_
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IV. TEST PROCEDURE

TEST NOMENCLATURE

Test nomenclautre is presented in the following listing:

Cp

Px

Po

Ho

Q

V

Po

Mo

TTO

RN

S

r

P

h 1

Az

_'S

= Pressure coefficient - Px - Po
q

= Local orifice static pressure, PSF

= Tunnel free-stream static pressure, PSF

= Tunnel free-stream total pressure, PSF

= Tunnel free-stream dynamic pressure, PSF, i/ZpV 2

= Tunnel free-stream velocity, ft/sec

= Tunnel free-stream density, slugs/ft 3

= Tunnel Mach number

= Tunnel free-stream total temperature, OR

= Reynolds number per foot x 10-6

= Distance to orifice from center of pointed end of command module

measured along the surface of the model, inches

= Radius of command module at maximum section, inches

= Angle of instrumentation radian line, degrees

= Angle of command module centerline with sting centerline, degrees

= Roll angle of sting, either 0 to 180 degrees

= Roll angle of offset adapter, either 0 or 180 degrees

= Angle of attack of the sector, degrees

= Angle of attack of the model, degrees

C3,;7:3E;;T; L
SID 62- 1435- 1
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MODEL INSTALLATION

Each command module has a sting that is an integral part of the model.

On one the sting is attached at 30 degrees and on the other at 90 degrees to

the command module axis. The models were installed on the 7121-01164-I

offset sting, which was mounted on the 71Zi-01082 sting using the 7121-

01168-9 adapter. This assembly was mounted in the tunnel on the H-998

fixed sting support and the H-822-3 sector head. The sector was positioned

for these tests so that the center of rotation was at tunnel station 3735.

The sector angle range is from -15 to +31 degrees. By using the two

models and by rolling the model and offset sting, model angles from 0 to

136 degrees were attained. The following listing gives the angle of attack

attained by each of the configurations:

0 (deg)

30

30

90

90

_t 1 (deg)

0

0

0

0

k Z (deg)

180

0

180

0

a Range (deg)

0 to 30

3 l to 59

60 to 99

120 to 136

INSTRUMENTATION

The pressures obtained during these tests were measured by 96

Statham transducers of ±5, ±15 and +25 psid range. These transducers were

referenced to preselected pressures of the R1, R2,and R4 reference systems.

These data were recorded on magnetic tape by the Trisonic Wind Tunnel

Data Master System.

DATA REDUCTION

The final pressure coefficients presented herein were reduced from

the magnetic tape on the ALWAC III E digital computer using the ALWAC

Program C045.

The pressures were reduced to coefficient form using the equation

Cp = _AP _ Px - Po
Q Q

The model angle of attack was computed using the equation

** =as+ OT

Where 0T is the angle between the model centerline and centerline of the

sector head.

- 10-
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DATA ACCURACY

The following is a tabulation of the estimated repeatability in Cq for
each Mach number tested. These have been calculated based on transducer

sensitivities and the repeatability of the data system.

Mach No. Group A Group B Group C Group D Group E

0.4

0.7

0.9

0.95

1.05

I. 20

1.35

±0. 0059

±0. 0035

±0. 0028

±0. 0027

±0. 0025

±0. 0022

±0. 0021

±0. 0068

±0. 0041

±0. 0032

±0. 003 1

±0. 0029

±0. 0025

±0. 0025

+0.07 16

±0.0105

±0. 0083

±0. 0080

±0. 0076

±0.0065

±0.0064

±0. 0352

±0.0210

±0.0166

±0.0 160

±0.0151

±0.0131

±0. 0127

±0. 0294

±0. 0176

±0. 0139

±0.0133

±0. 0126

±0.0109

±0. 0106

The pressure orifices that correspond with the foregoing groups are

as follows:

Group A:

Group B:

Group C:

Group D:

Group E:

P96, 106, 116, 126, 97, 98, 108, 118, 99, 109, 1039, 1069,

119, 1159, 129, 139, I, 44, 454, 54, 45, 55, 36, 46, 56, 556:

47, 57, 87, 88, 199, 29, 259, 39, 49, 459, 59, 559, 89

P77, 78, 79, 194, 34, 554

P92, 102, 112, .122, 94, 104, 114, 124, 41, 51, 61, 32, 42,

52, 552, 62, 72, 82, 43, 53, 63, 64, 74, 84, 4

1:)66, 76, 86, 68, 69

P90, i00, II0, 120, 130, 140, 190, 20, 250, 30, 40, 450, 50,

550, 60, 70, 80, 2, 3, 5, 6, 7, 8, 9, 10

.--- , ,

ll -
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2.51DIA.

34.62

60.24

85.89

3.51DIA.

114.62

NOTE: DRAWING NOT TO SCALE.

DIMENSIONS IN INCHES,

FULL SCALE,

Figure 4. Tower Structure TI4
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51.07 DIA,
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NOTE: DRAWING NOT TO SCALE.

DIMENSIONS IN INCHES,
FULL SCALE.

279.67

t
19.16

36 °

CONFIGURATION E53 IS THE

55 /I I54.6 DIA.

E54
E53

Figure 5. Escape Rocket E53 and E54
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RUNINDEX

The following tabulation presents the blow numbers corresponding to

various Mach numbers and angles of attack.

Configuration

E54TI4C2
Washer on

i

E54T 14C2
Washer on

E53TI4C2
Washer off

i

E53T14C2

Washer off

Range

0, 1,3

5, 7, i0

15, 20,

0, i, 3,

7, 10,

20, 30

30, 40,

40, 60

60, 80

100,

120, 13

30

5

15

6O

Mach Number

Blow Number

2

3

4

64

65

66

106

6

7

8

63

67

68

I05

24

25

26

62

69

70

I04

107

27

28

29

61

71

72

103

18

19

17

6O

73

74

102.

23

21

22

59

75

76

i01

.34

14

15

16

58

77

78

100

0, i, 3 39

5, 7, i0 40

15, 20, 30 41

0, i, 3, 5 42 45 48 33 37 30

7, i0, 15 43 46 49 34 38 31

20, 30 44 47 50 35 36 32

40, 60 51

35, 40, 60 52 53 54 55

30, 40, 60 56 57

60, 65, 80 92 89 87 85

60, 80 83 81 79

100 91 90 88 86 84 82 80

120, 136 93 94 95 96 97 98 99

A-2
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